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00 (54) Title: MICROBOLOMETER AND METHOD FOR FORMING 
00 

(57) Abstract: A microbolometer is provided that includes an absorber element having material properties to change temperature 
J? in response to absorbing infrared radiation. An amorphous silicon detector is thermally coupled to the absorber element and is 
suspended above a silicon substrate at a height of one-quarter wavelength of the infrared radiation to be detected. The amorphous 
silicon detector changes electrical resistance in response to the absorber element changing temperature. The microbolometer also 
includes electrode arms coupled to the silicon substrate to provide structural support for the amorphous silicon detector above the 
^ surface of the silicon substrate. The electrode arms further provide electrical connectivity for the microbolometer. 
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TKCTTNICAT, FIELD O * THE TWVENTION 

This invention relates in general to infrared 
detectors and more particularly to a microbolometer and the 
method for forming the same. 

RArKGROITNn OF THF INVENTION 

Infrared (IR) detectors are often utilized to detect 
fires, overheating machinery, planes, vehicles, people, and 
any other objects that emit thermal radiation. Infrared 
detectors are unaffected by ambient light conditions or 
particulate matter in the air such as smoke or fog. Thus, 
infrared detectors have potential use in night vision and 
when poor vision conditions exist, such as when normal 
vision is obscured by smoke or fog. IR detectors are also 
used in non-imaging applications such as radiometers, gas 
detectors, and other IR sensors. 

infrared detectors generally operate by detecting the 
differences in thermal radiance of various objects in a 
scene. That difference is converted into an electrical 
signal which is " then processed. Microbolometers are 
infrared radiation detectors that are fabricated on a 
substrate material using traditional integrated circuit 
fabrication techniques. After fabrication, microbolometers 
are generally placed in vacuum packages to provide an 
optimal environment for the sensing device. Conventional 
microbolometers measure the change in resistance of a 
detector element after the microbolometer is exposed to 
thermal radiation. Microbolometers have applications in 
gas detectors, night vision, and many other situations. 



a 
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The primary factors affecting response time and 
sensitivity of microbolometers are thermal mass and thermal 
isolation. Microbolometer response time is the time 
necessary for a detector element to absorb sufficient 
infrared radiation to alter an electrical property, such as 
resistance, of . the detector element and to dissipate the 
heat resulting from the absorption of the infrared 
radiation. Microbolometer sensitivity is determined by 
the amount of infrared radiation required to cause a 
sufficient change in an electrical property of the 
microbolometer detector. Microbolometer response time is 
inversely proportional to both thermal mass and thermal 
isolation. Thus, as thermal mass increases, response time 
becomes slower since more infrared energy is needed to 
sufficiently heat the additional thermal mass in order to 
obtain a measurable change in an electrical property of the 
microbolometer detector element. As thermal isolation 
increases, response time becomes slower since a longer 
period of time is necessary to dissipate the heat resulting 
from the absorption of the infrared radiation. 
Microbolometer operating frequency is inversely 
proportional to response time. However, microbolometer 
sensitivity is proportional to thermal isolation. 
Therefore, if a specific application requires high 
sensitivity and does not require high operating frequency, 
the microbolometer would have maximum thermal isolation and 
minimal thermal mass. If an application requires a higher 
operating frequency, a faster microbolometer may be 
obtained by reducing the thermal isolation which will also 
result in a reduction in sensitivity. 

*In order to maximize the sensitivity of 
microbolometers, the temperature coefficient of resistance 
of the detector element in the microbolometer should be as 
high as possible. 
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CTTMMARY OF THE I NVENTION 

From the foregoing, it may be appreciated that a need 
has arisen for an improved microbolometer and method for 
forming the same. In accordance with the present 

invention, a microbolometer and method for forming the same 
is provided which substantially eliminates or reduces the 
disadvantages and problems associated with conventional 
micro infrared detectors . 

According to one embodiment of the present invention, 
there is provided a microbolometer and method for forming 
comprising an absorber element that changes temperature in 
response to absorbing infrared radiation and an amorphous 
silicon detector suspended above a silicon substrate at a 
height of one-quarter wave length of the infrared radiation 
to be detected. The amorphous silicon detector changes 
electrical resistance in response to the absorber element 
changing temperatures. The microbolometer further 

comprises electrode arms coupled to the silicon substrate 
providing structural support for the amorphous silicon 
detector and electrical connectivity for the 

microbolometer . 

The technical advantages of the present invention 
include providing a microbolometer of substantially lower 
thermal mass than conventional microbolometers . The 
substantially lower thermal mass results in increased 
operating frequency and increased thermal isolation for the 
microbolometer. The increased thermal isolation results in 
increased sensitivity such that less infrared radiation is 
required to cause a detectable change in the electrical 
resistance of the microbolometer detector. Another 
technical advantage of the present invention includes a 
thermal shunt that may be varied during fabrication to 
obtain microbolometers with differing operating frequency 
and sensitivity characteristics. By increasing the thermal 
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shunt material, the thermal coupling between the 
microbol'ometer and the substrate material is increased and 
the thermal isolation of the microbolometer is 
correspondingly decreased. This results in a 

5 microbolometer with an increased operating frequency and 

decreased sensitivity. Yet another technical advantage of 
the present invention is the use of spiral arms to minimize 
the area required for a given electrode arm length thereby 
maximizing the area available for the microbolometer 
10 detector element. 

Other technical advantages will be readily apparent to 
one skilled in the art from the following figures, 
description, and claims. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now made 
to the following description taken in conjunction with the 
accompanying drawings : 

2 0 FIGURE 1 is a perspective of a microbolometer formed 

in accordance with the present invention; 

FIGURE 2 is a cross-section illustration of a 
partially formed microbolometer of the present invention; 

FIGURE 3 is a diagram illustrating the partially 
25 fabricated microbolometer after completing the steps 

illustrated in FIGURE 2; 

FIGURE 4 is a cross-section illustration of a method 
of forming the microbolometer of the present invention; 

FIGURE 5 is a diagram illustrating a partially 

3 0 fabricated microbolometer after completion of the steps 

illustrated in FIGURE 4; 

FIGURE 6 is a cross- section illustration of a method 
of forming the microbolometer of the present invention; 
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FIGURE 7 is a diagram illustrating the microbolometer 
of the present invention after etching to define a final 
form of the microbolometer; 

FIGURE 8 is a cross- section diagram illustrating 
deposition of a post and thermal shunting device; 

FIGURE 9 is a cross-section schematic illustration of 
the microbolometer of the present invention prior to 
removal of a polyimide layer; 

FIGURE 10 is a cross-section illustration of the 
completed microbolometer of the present invention; 

FIGURE 11 is an illustration of a microbolometer with 
spiral legs; 

FIGURE 12 is a flow diagram illustrating the formation 
of the microbolometer of the present invention; 

FIGURE 13A is an illustration of a configuration of 
microbolometers in accordance with the present invention 
wherein non- imaging pixels are connected electrically in 
parallel ; 

FIGURE 13B illustrates an array of microbolometers in 
accordance with the present invention wherein non- imaging 
pixels are connected in an electrically series-parallel 
circuit ; 

FIGURE 13C schematically illustrates an electrical 
series-parallel configuration of non-imaging pixels for a 
large array; 

FIGURE 14A is a schematic illustration of a linear 
non- imaging pixel array with shared electrode arms for 
adjacent microbolometers of the present invention; 

FIGURE 14B is a schematic illustration of an array of 
spiral arm pixels connected electrically in parallel for 
large non-imaging arrays for maximized fill factor; and 

FIGURE 15 illustrates another embodiment of a 
microbolometer formed in accordance with the present 



01S1879A2_L> 



WO 01/81879 



PCT/US01/13186 



invention for maximizing the fill factor and minimizing 
space between adjacent microbolometers . 

DETAILED DESCRIPTION OF THE INVENTION 
5 FIGURE I illustrates a microbolometer 10 in accordance 

with one embodiment of the present invention. In this 
embodiment, microbolometer 10 is formed on a substrate 11. 
Substrate 11 typically is any suitable substrate material 
including a monocrystalline silicon wafer or a silicon 

10 wafer containing a readout integrated circuit. 

Microbolometer 10 is a sensor that is operable to detect 
infrared radiation. 

Referring to FIGURE 1, microbolometer 10 includes 
electrode arms 14 coupled to a detector 12. Infrared 

15 radiation sensed by the detector 12 results in a measurable 

change in the resistance of the material comprising the 
detector. Detector 12 is suspended over the surface of 
substrate 11 by electrode arms 14. Construction of the 
detector 12 is in several layers of various materials 

2 0 discussed in detail below. Electrode arms 14 are coupled 

along one side of detector 12 and proceed unattached along 
a second, adjacent side to an electrode terminal end 15. 
A post 16 is coupled to the electrode terminal end 15 of 
electrode arm 14 . Post 16 provides structural support and 
25 electrical connection for microbolometer 10. Electrical 

circuitry connected to electrode terminal ends 15 provides 
a constant voltage across the electrode arms 14 and senses 
a change in electrical current flowing through detector 12. 
The magnitude of the change in electrical current varies 

3 0 with the amount of infrared radiation detected. In an 

alternate embodiment, the electrical circuitry provides a 
constant electrical current flowing through detector 12 and 
senses a change in the voltage across electrode arms 14. 
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The thermal mass of microbolometer 10 affects the 
thermal isolation, response time, operating frequency, and 
sensitivity. By fabricating a microbolometer with minimal 
thermal mass, high sensitivity and high operating frequency 
can be realized. Thermal isolation of microbolometer 10 
from substrate 11 also affects the operating frequency and 
sensitivity. Thermal isolation of detector 12 from 
substrate 11 increases the sensitivity of microbolometer 10 
since less infrared radiation energy is necessary to raise 
the temperature of detector 12. Thermal isolation also 
affects the operating frequency and response time of 
microbolometer 10 since it affects the cooling rate of 
detector 12. An increase in thermal isolation results in 
a corresponding decrease in cooling rate of detector 12 
and, thus, a corresponding decrease in operating frequency 
of microbolometer 10. 

By modifying a single step in the fabrication of 
microbolometer 10, a thermal shunt 18 is placed on 
electrode arms 14 coupled to posts 16 to decrease the 
thermal isolation of microbolometer 10. Placing a thermal 
shunt 18 on electrode arm 14 will increase the operating 
frequency of microbolometer 10 since the cooling rate of 
detector 12 is increased. Thermal shunt 18 on electrode 
arms 14 also results in decreased sensitivity since more 
thermal coupling between detector 12 and substrate 11 
exists. Thus, an increased amount of infrared radiation 
energy is necessary to increase the temperature of detector 
12 resulting in a corresponding change in the electrical 
resistance of the detector. By varying the length of 
thermal shunt 18, and thus the amount of thermal shunt 
material deposited on electrode arms 14, a microbolometer 
10 with differing operating frequency and sensitivity 
characteristics can be fabricated. 
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Beneath detector 12 is an ant iref lect ive structure and 
resonant' cavity 20. Ant iref lective structure 20 functions 
to minimize the amount of infrared radiation unabsorbed by 
detector 12. Detector 12 is suspended above the surface of 
5 substrate 11 at a height of approximately one- quarter 

wavelength of the infrared radiation to be detected by 
microbolometer 10. The one-quarter wavelength height 
causes infrared energy waves unabsorbed by detector 12 to 
be reflected by reflector 22 and trapped in antiref lect ive 

10 structure 20 until the infrared radiation is absorbed by 

detector 12. Antiref lective structure 20 creates a more 
efficient microbolometer 10 since the amount of infrared 
radiation absorbed by detector 12 is maximized. 

Referring to FIGURE 2, semiconductor substrate or 

15 integrated circuit 11 provides the base for the formation 

of microbolometer 10. A silicon dioxide layer 3 0 is formed 
on substrate 11. A thin layer of titanium 32 is next 
formed on silicon dioxide layer 30 followed by a thin layer 
of aluminum 34. Aluminum layer 34 and titanium layer 32 

20 are patterned using a photoresist and etch process to form 

connection pads 40 for providing electrical connections to 
other electrical circuitry for microbolometer 10. In 
addition, aluminum layer 34 and titanium layer 32 are 
patterned to form reflector 22 for providing a reflective 

25 surface within antiref lective structure and the resonant 

cavity 2 0 as shown in FIGURE 1. In a preferred embodiment, 
microbolometer 10 is formed as a part of a readout 
integrated circuit. One connection pad 40 of 

microbolometer 10 passes through the surface dielectric 

30 layer of the substrate 11 to make contact with the 

underlying electrical circuitry. The other connection pad 
40 of microbolometer 10 is coupled to a common bus formed 
from the aluminum layer 34 on the surface of substrate 11. 
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FIGURE 3 illustrates in part aluminum layer 34 after 
patterning by the photoresist and etch technique. 

A polyimide layer 36 is deposited over the entire 
structure to a depth on the order of one-quarter wavelength 
5 of the infrared radiation to be detected. A one-quarter 

wavelength depth provides the proper spacing between 
reflector 22 of antiref lect ive structure 20 and the bottom 
surface of detector 12. The polyimide 36 is an organic 
material. Openings are etched in polyimide layer 36 to 
10 expose aluminum connection pads 40 to define post receptors 

38. Post receptors 38 are holes in electrode terminal ends 
15 that will eventually contain an aluminum post providing 
structural support and electrical connections for 
xnicrobolometer 10. Post receptors 38 are preferably formed 
15 using a photoresist and etch technique. FIGURE 3 

illustrates in part the location of post receptors 38. 

Referring to FIGURE 4, a first low stress dielectric 
film 50 is formed on the surface of the existing structure 
to a depth on the order of 250A. First low- stress 
dielectric film 50 is preferably a silicon nitride material 
but may be any suitable dielectric material. An amorphous 
silicon layer 52 is next formed on the surface of the 
structure to a depth on the order of 500-1, O00A. Amorphous 
silicon layer 52 forms the detector element layer of 
detector 12 and "is resistive. Amorphous silicon layer 52 
is doped with boron during deposition in order to obtain a 
resistive layer to function as the detector element in 
microbolometer 10. The deposition preferably takes place 
at a temperature just below that which will degrade 
30 polyimide layer 36. A second low stress dielectric film 54 

is deposited on amorphous silicon layer 52 to a depth on 
the order of approximately 250A. 

Since amorphous silicon layer 52 is transparent to 
infrared radiation, a material sensitive to infrared 
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radiation is used to thermally transfer energy absorbed 
from the infrared radiation. A thin metal absorber film 56 
is deposited on second low stress dielectric film 54 to a 
depth on the order of 50-150A. Thin metal absorber film 56 
5 is preferably titanium but may be any suitable material 

that will absorb infrared radiation. Thin metal absorber 
film 56 is patterned to leave an absorber area on detector 
12. Absorber 56 is preferably patterned using a 

photoresist and etch technique, or other available 

10 techniques such as by a photoresist liftoff method. 

FIGURE 5 illustrates in part the location of absorber 56 in 
relation to the structure of microbolometer 10. Absorber 
56 absorbs heat from infrared radiation and transfers the 
heat to amorphous silicon layer 52. Although second low 

15 stress dielectric film 54 provides electrical insulation 

for amorphous silicon layer 52, it does not thermally 
isolate amorphous silicon layer 52 from absorber 56. Thus, 
amorphous silicon layer 52 is thermally coupled to absorber 
56 resulting in the transfer of thermal energy from 

20 absorber 56 to amorphous silicon layer 52. As amorphous 

silicon layer 52 increases in temperature, the electrical 
resistance of amorphous silicon layer 52 changes. The 
change in electrical resistance is measured and processed 
to yield a quantity of infrared radiation present" in the 

25 detection area. ". Any infrared radiant energy not absorbed 

by absorber 56 passes through the structure, reflects off 
reflector 22, and becomes trapped in antiref lective 
structure 2 0 such that absorber 56 absorbs the trapped 
infrared radiant energy. Therefore, absorber 56 absorbs 

3 0 infrared radiant energy both as it passes through detector 

12 and after it becomes trapped in antiref lective structure 
20. 

Referring to FIGURE 5, absorber 5 6 is shown in 
relation to microbolometer 10 formed on substrate 11. The 
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outer surface of second low stress dielectric film 54 is 
patterned and openings are etched to expose portions of the 
outer surface of amorphous silicon layer 52 to define 
electrode arm channels 60. The second low stress 
5 dielectric film layer 54 is preferably patterned and etched 

using a photoresist and etch technique. 

Referring to FIGURE 6, a thin electrode metal layer 70 
is deposited in electrode arm channels 60 to a depth of 
approximately 20oA. Electrode metal layer 70 is preferably 
10 titanium or nickel and is preferably deposited using a 

photoresist and lift-off technique. Electrode metal layer 
7 0 is in direct contact with amorphous silicon layer 52 to 
provide a low resistance electrical connection between the 
detector element of detector 12 (i.e., amorphous silicon 
15 layer 52) and electrical circuitry to measure the change in 

resistance of detector 12 in response to absorbing infrared 
radiation. A third low stress dielectric film 72 is 
deposited on the surface of the structure to a depth of 
approximately 100A in order to provide a final layer of 
20 protection for microbolometer 10. 

In an alternate embodiment of the process for 
fabricating microbolometer 10, the deposition of a thin 
metal absorber film 56 forms both absorber 56 and electrode 
metal layer 70. In the alternate embodiment after second 
25 low stress dielectric film 54 is deposited, the outer 

surface of second low stress dielectric film 54 is 
patterned and openings are etched to expose portions of the 
outer surface of amorphous silicon layer 52 to define 
electrode arm channels 60 using a photoresist and etch 
30 technique. Thin metal absorber film 56 is deposited over 

the structure to a depth on the order of 50-15 0 angstroms. 
Thin metal absorber film 56 is patterned using a 
photoresist and etch technique to leave absorber 5 6 and 
electrode metal layer 70. The process of the alternate 
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embodiment eliminates a separate step for deposition of 
electrode metal layer 70. 

Referring to FIGURE 7, a photoresist and etch 
technique is used to pattern the structure to form 
microbolometer 10. The areas surrounding microbolometer 10 
are etched down to the polyimide layer 36 and post 
receptors 38 are etched down to the aluminum layer 34. At 
this point, microbolometer 10 includes several layers of 
material stacked on top of a polyimide layer 36. Polyimide 
layer 36 will be removed in a later step to create a space 
between substrate 11 and both detector 12 and electrode 
arms 14 . In order to support detector 12 and electrode 
arms 14 above the surface of substrate 12, posts are formed 
in post receptors 3 8 to provide both structural support and 
electrical connections for microbolometer. 10 . Post 
receptors 38 are formed in electrode terminal ends 15 by 
removing the previously deposited layers of first low 
stress dielectric film 50, amorphous silicon layer 52, 
second low stress dielectric film 54,, and third low stress 
dielectric film 72 thereby exposing connection pads 40. 
Post receptors 3 8 are preferably formed using a photoresist 
and etch technique simultaneously with defining the 
bolometer 10. The base layer of post receptor 38 is 
connection pad 40 and the top layers of post receptor 38 is 
electrode metal ' layer 70. Therefore, an electrically 
conductive material may be used to electrically couple 
electrode arms 14 with connection pads 40. 

In an alternate embodiment of the process for 
fabrication of microbolometer 10, post receptors 3 8 are not 
etched in polyimide layer 3 6 immediately after polyimide 
layer 36 is formed. In addition, the photoresist and etch 
step to form the structure of microbolometer "10 does not 
etch and reform post receptors 38. Instead, a separate 
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photoresist and etch step is added to remove all layers 
above connection pads 40. 

Referring to FIGURE 8, third low stress dielectric 
film 72 is removed from electrode arms 14 in the area to 
5 receive a post 80 and thermal shunt 18. Third low stress 

dielectric film 72 is preferably removed using a 
photoresist and etch technique to expose electrode metal 
layer 70. A thin layer of titanium 82 and a thick layer of 
aluminum 84 are deposited in post receptor 3 8 and on 
10 electrode terminal end 15. The titanium layer 82 and the 

aluminum layer 84 are deposited in sequence and patterned 
at the same time by a liftoff or by an etching technique. 
Titanium layer 82 and aluminum layer 84 also form thermal 
shunt 18 on electrode arm 14. The titanium layer 82 is 
15 preferably deposited to a depth of 1,0 0 OA and the aluminum 

layer is preferably 10,000 to 30,000 A thick. Post 80 and 
thermal shunt 18 comprise titanium layer 82 and aluminum 
layer 84 deposited in and around post receptor 38. 
Titanium layer 82 and aluminum layer 84 comprising post 80 
20 are preferably deposited using a sputtered film process and 

patterned using a etching technique or a photoresist and 
lift off technique. Although post 80 is described as 
comprising titanium and aluminum layers, any suitable 
metal, metal layers, or metal alloys may be used such as 
25 nickel in combination with titanium and aluminum. Post 80 

provides both structural support for microbolometer 10 by 
suspending detector 12 above the surface of substrate 11 
and electrical connection between electrode arm 14 and 
connection pads 40. Post 80 is formed in electrode 
3 0 terminal ends 15. Therefore, in a preferred embodiment, 

each microbolometer 10 will have two posts 80, one on each 
of two opposite corners. 

In addition to providing structural support and 
electrical connections for microbolometer 10, posts 80 also 
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provide thermal shunting for microbolometer 10. By 
increasing the length of thermal shunt 18 over electrode 
metal layer 70, the thermal isolation of microbolometer 10 
is reduced. This results in a microbolometer with 
5 increased operating frequency and decreased sensitivity as 

previously described . 

Referring to FIGURE 9, a cross - section of 
microbolometer 10 is shown. Electrode arm gaps 90 
illustrate that all layers above polyimide layer 36 have 
10 been removed in the areas where there is no microbolometer 

10 structure. 

Referring to FIGURE 10, polyimide layer 3 6 is removed 
by exposing the structure to an oxygen plasma dry etch. 
The byproduct of this etching process is carbon dioxide 
15 eliminating the need to specially dispose of the byproduct 

of etching . 

Referring to FIGURE 13A and FIGURE 14A several 
microbolometers 10 may be formed on a substrate in an 
electrically parallel microbolometer array structure to 

2 0 produce a large non- imaging microbolometer with less 

inherent noise, as the noise figure is reduced by the 
square root of the number of pixels electrically in 
parallel. As illustrated in FIGURE 14A, the parallel 
electrode arms of the microbolometer array structure are 

25 shared between two adjacent microbolometers. The sharing 

of electrode arms results in more thermal isolation and, 
"thus, less thermal coupling to the substrate. This results 
in a more sensitive bolometer. The parallel microbolometer 
array structure may be formed without adjacent 

30 microbolometers sharing electrode arms. The result is less 

thermal isolation and, thus, a higher operating frequency 
as compared to microbolometer array structures with shared 
electrode arms. The corners of adjacent microbolometers 10 
in large non- imaging microbolometer arrays are at an 
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equipotential and may be connected together to form a more 
rigid microbolometer array structure. A more rigid 
microbolometer array structure results in a microbolometer 
array more tolerant to stress. 

Referring to FIGURE 13A the electrically parallel 
array embodiment provides a technical advantage for 
parallel groups of long narrow detector lines, such as for 
a spectrometer. The electrically series-parallel 

configuration of FIGURE 13B is useful and provides 
technical advantages for large rectangular arrays of 
detectors functioning as a single detector. 

Several microbolometers 10 may be formed and placed in 
a single vacuum package to form a pixel array structure for 
thermal imaging. In this embodiment, the microbolometers 
15 10 are discrete devices detecting thermal energy in a 

specific portion of a target (scene) area. 

In the thermal imaging array embodiment, select 
microbolometers within the microbolometer array structure 
may have an infrared shield deposited on the upper surface 
2 0 of the microbolometer and/or the thermal shunt 18 may be 

extended to the detector 12 to provide reference detectors 
that are non- responsive to incident radiation. These 
infrared shield depositions provide an ambient temperature 
reference resistance for comparison with the resistance of 
25 the detector pixel. These reference pixels are thermally 

isolated from the substrate and therefore respond to the 
joule heating by bias current as do the detector pixels. 

Referring to FIGURE 11, an alternate embodiment of 
microbolometer 10 is illustrated and includes spiral arms 
30 100. Spiral arms 100 are equivalent to electrode arms 14 

as previously described. The spiral arm pixel 

configuration has utility both in imaging arrays and non- 
imaging arrays. It is the preferred configuration for non- 
imaging arrays because the spiral arm configuration 
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provides a higher fill factor and provides a more stressed- 
tolerant microbolometer . In the spiral arm configuration 
the detector membrane may be essentially a continuous sheet 
with openings for the spiral arms with the membrane in 
5 contact to the substrate as illustrated in FIGURE 14B. The 

electrode 70 (see FIGURE 10) may have a thickness equal to 
the absorber 5 6 and therefore also contributes to the 
absorption IR energy. As shown in FIGURE 14B there is an 
array of 16 spiral arm pixels connected electrically in 

10 parallel. The spiral arms and pixels of FIGURE 14B are as 

described previously with reference to FIGURE 11. 

A spiral arm array such as' illustrated in FIGURE 14B 
may be configured in an electrically parallel connection as 
shown in FIGURE 13A or in a series-parallel connection as 

15 illustrated in FIGURES 13B and 13C. The spiral arm design 

may also have an IR shield deposition on the upper surface 
to form reference pixels as previously described. Further, 
the spiral arm configuration may have metal deposition as 
a thermal shunt on the spiral arm as previously described 

20 for the electrode arm 14. For an imaging array 

configuration the spiral arm design provides a larger 
detector for a given surface area (higher fill factor) on 
a substrate and provides a more stress- tolerant 
microbolometer. Spiral arms 100 are formed using the same 

25 process as electrode arms 14 as earlier described. 

Referring to FIGURE 15, there is illustrated an 
embodiment of the invention having electrode arms 14 formed 
between the substrate 11 (not shown in FIGURE 15) and a 
bolometer 10. This provides the technical advantage of a 

30 maximized fill factor since a relatively small absorbing 

surface area is sacrificed for supporting arms and spaced 
between adjacent pixels. In the embodiment of FIGURE 15 
the electrode arm 14 (only one shown) is spaced below the 
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bolometer 10 with the connection pads 4 0 on the surface of 
the supporting substrate as illustrated in FIGURES 1 and 2 . 

Referring to FIGURE 12, a flow diagram summarizing the 
formation of microbolometer 10 in accordance with the 
present invention is illustrated. The method begins at 
step 200 where silicon dioxide layer 30 is formed on 
substrate 11. The method proceeds to step 202 where 
titanium layer 32 is deposited on silicon dioxide layer 30. 
The method proceeds to step 204 where aluminum layer 34 is 
deposited on titanium layer 32. The method proceeds to 
step 206 where titanium layer 32 and aluminum layer 34 are 
patterned using a photoresist and etch process to form 
connection pads 40 and reflector 20. 

The method proceeds to step 208 where polyimide layer 
15 36 is deposited over the entire structure to a depth on the 

order of one-quarter wave length of the infrared radiation 
to be detected. The method proceeds to step 210 where post 
receptors 38 are formed by removing a portion of polyimide 
layer 36 thereby exposing connection pads 40. The method 
20 proceeds to step 212 where the first low stress dielectric 

film 50 is formed on the surface of the existing structure. 
The method proceeds to step 214 where amorphous silicon 
layer 52 is formed on first low stress dielectric film 50. 
The method proceeds to step 216 where second low 
25 stress dielectric film 54 is deposited on amorphous silicon 

layer 52. The method proceeds to step 218 where a thin 
metal absorber film 56 is deposited on second low stress 
dielectric film 54. The method proceeds to step 220 where 
thin metal absorber film 56 is patterned leaving absorber 
30 56 . 

The method proceeds to step 222 where second low 
stress dielectric film 54 is patterned with openings etched 
to expose portions of the outer surface of amorphous 
silicon layer 52 to define electrode arm channels 60. The 
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method proceeds to step 224 where thin electrode metal 
layer 70 is deposited in electrode arm channels 60. 

The method proceeds to step 226 where a third low 
stress dielectric film 72 is deposited on the surface of 
5 the structure. The method proceeds to step 228 where a 

photoresist and etch technique is used to pattern the 
structure to form microbolometer 10 by removing previously 
deposited layers down to polyimide layer 36. The method 
proceeds to step 230 where post receptors 38 are formed by 

10 removing previously deposited layers thereby exposing 

connection pads 40. 

The method proceeds to step 232 where third low stress 
dielectric film 72 is removed from electrode arms 14 in the 
area to receive post 80 and thermal shunt 18. The method 

15 proceeds to step 2 34 where titanium layer 82 and aluminum 

layer 84 are formed and patterned leaving thin titanium 
layer 82 and aluminum layer 84 in post receptor 3 8 . and on 
electrode terminal end 15. The method proceeds to step 236 
where polyimide layer 3 6 is removed by exposing the 

2 0 structure to an oxygen plasma dry etch. At the conclusion 

of step 236 , microbolometer 10 is complete and suspended 
above reflector 22 by electrode arms 14 and posts 16. 

Although the present invention and its advantages have 
been described in detail, it should be understood that 

25 various changes', substitutions, and alterations readily 

apparent to those skilled in the art may be made without 
departing from the spirit and the scope of the present 
invention as defined by the following claims. 
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WHAT IS C T.ATMED IS: 

!. a microstructure infrared radiation detector, 

comprising : 

an absorber element having material properties to 
change temperature in response to absorbing infrared 
radiation; 

an amorphous silicon detector thermally coupled to the 
absorber element and suspended above a silicon substrate at 
a height of one-quarter wavelength of the infrared 
radiation to be detected, the amorphous silicon detector 
changing electrical resistance in response to the absorber 
element changing temperature; and 

electrode arms coupled to the silicon substrate to 
suspend the amorphous silicon detector above the surface of 
15 the silicon substrate, the electrode arms further providing 

electrical connectivity for the microstructure infrared 
radiation detector. 

2. The detector of Claim 1, wherein the electrode 
20 arms include a thermal shunting layer deposited on the 

electrode arm ends, the thermal shunting layer providing 
predetermined degrees of thermal isolation depending on the 
length of the thermal shunting layer. 

25 3 . The detector of Claim 1, wherein the electrode 

arms comprise a spiral configuration, spiral electrode arms 
providing an increased area for the amorphous silicon 
detector by reducing space requirements for the electrode 



arms 



30 
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4. A microstructure infrared radiation detector, 
comprising : 

a thin metal absorber film for absorbing heat when 
exposed to infrared radiation; 
5 an amorphous silicon layer thermally coupled to the 

thin metal absorber film, the amorphous silicon layer 
absorbing heat from the thin metal absorber layer, the 
amorphous silicon layer changing electrical resistance in 
response to absorbing heat from the thin metal absorber 

10 layer; and 

an antiref lective structure between a substrate 
material and the amorphous silicon layer, the 
antiref lective structure enhancing absorption of the 
infrared radiation by the thin metal absorber film. 

15 

5. The detector of Claim 4, further comprising: 
electrode arms coupled to the amorphous silicon layer 

and to a silicon substrate, the electrode arms suspending 
the amorphous silicon layer above the surface of the 
20 silicon substrate. 

6. The detector of Claim 5, wherein the electrode 
arms comprise a spiral configuration, the spiral electrode 
arms providing an increased area for the amorphous silicon 

25 layer by reducing space requirements for the electrode 

arms . 

7. The detector of Claim 5, wherein the electrode 
arms further comprise a thermal shunting layer deposited on 

30 the electrode arms, the thermal shunting layer providing 

predetermined degrees of thermal isolation depending on the 
length of the thermal shunting layer. 
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8. The detector of Claim 6, wherein the electrode 
arms further comprise a thermal shunting layer deposited on 
the electrode arms, the thermal shunting layer providing 
predetermined degrees of thermal isolation depending on the 
length of the thermal shunting layer. 
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9. A process for fabricating a micro-sensor element 
for an infrared radiation detector, comprising: 

forming one or more connection pads and a reflector on 
a surface of a substrate; 
5 forming a sacrificial spacer layer over the connection 

pads and the reflector; 

forming a first low stress dielectric film over the 
sacrificial spacer layer; 

forming a detector layer over the first low stress 
10 dielectric film, the detector layer having an electrical 

resistance that varies with a temperature of the detector 
layer, the detector layer formed directly above the 
reflector ; 

forming a second low stress dielectric film over the 
15 detector layer; 

forming an infrared absorber over the second low 
stress dielectric film, the infrared absorber changing 
temperature in response to infrared radiation, the infrared 
absorber thermally transmitting energy from the infrared 
2 0 radiation to the detector layer, the infrared absorber 

formed directly over the detector layer ; 

forming electrode arms, the electrode arms providing 
•electrical contact to the detector layer; 

forming a third low stress dielectric film over the 
25 structure; 

forming post receptors in ends of the electrode arms 
by removing layers thereby exposing the connection pads; 

forming posts in the post receptors; and 

removing the sacrificial spacer layer. 



30 



10. The process according to Claim 9, comprising: 
depositing a layer of aluminum; and - 

patterning the aluminum layer to form the one or more 
connection pads and the reflector. 
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11. The process according to Claim 9, comprising: 
depositing a polyimide layer to form the sacrificial 

spacer layer. 

12. The process according to Claim 9, comprising: 
forming the sacrificial spacer layer to a depth of 

approximately one-quarter wavelength of the infrared 
radiation wavelength to be detected by the micro- sensor 
element . 

13. The process according to Claim 9, comprising: 
depositing a silicon nitride layer to form the first, 

second, and third low stress dielectric films. 

14. The process according to Claim 9, comprising: 
depositing an amorphous silicon layer to form the 

detector layer, the amorphous silicon layer doped with 
boron during deposition. 

15. The process according to Claim 9, comprising: 
depositing a thick layer of aluminum in the post 

receptors . 

16. The process according to Claim 9, comprising: 
exposing the structure to a dry etch to remove the 

sacrificial spacer layer. 

17. The process according to Claim 9, comprising: 
exposing the structure to an oxygen plasma dry etch to 

remove the sacrificial spacer layer. 
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18. A process for fabricating a micro- sensor element 
used as an infrared radiation detector element, comprising: 
depositing a titanium layer on a surface of a silicon 

substrate wafer; 

depositing an aluminum layer over the titanium layers- 
patterning the aluminum and titanium layers to form a 
reflector element and a plurality of interconnects; 

depositing a polyimide layer over the patterned 
aluminum and titanium layers, the polyimide layer having a 
depth of approximately one-quarter wavelength of the 
infrared radiation wavelength to be detected by the micro- 
sensor element ; 

removing a portion of the polyimide layer to form post 
receptors to receive aluminum posts for supporting the 
micro -sensor element above the reflector element and for 
providing electrical contact between the micro-sensor 
element and the interconnects; 

depositing a first low stress dielectric film over the 
polyimide layer; 

depositing an amorphous silicon layer over the first 
low stress dielectric film, the amorphous silicon layer 
doped with boron during depositions- 
depositing a second low stress dielectric film over 
the amorphous silicon layer; 

depositing a thin film metal absorber layer over the 
second low stress dielectric film; 

patterning the thin film metal absorber layer to form 
an absorber element over the reflector element; 

etching the second low stress dielectric film to form 
electrode arms leaving amorphous silicon exposed in an area 
defined by the electrode arms; 

forming a metal layer on the electrode arms; 

depositing a third low stress dielectric film over the 
structure ; 
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removing layers down to the polyimide layer to form 
the micro-sensor element in the area surrounding the 
electrode arms and the absorber element; 

removing the third low stress dielectric film from a 
portion of the electrode arm ends; 

depositing a titanium layer on the electrode arm ends 
where the third low stress dielectric film has been 
removed ; 

depositing an aluminum layer over the titanium layer 
on the electrode arm ends; and 

removing the polyimide layer by exposing the micro - 
sensor element to an oxygen plasma dry etch. 



19. The process according to Claim 18, further 
comprising: 

an initial step of forming a layer of silicon dioxide 
on the surface of the silicon substrate wafer. 

20. The process according to Claim 18, wherein the 
first, second, and third low stress dielectric films are 
formed by depositing a layer of silicon nitride. 
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21. An infrared radiation detector, comprising: 

a first plurality of microstructure infrared radiation 
detectors, each detector comprising: 

a thin metal absorber film for absorbing 
heat when exposed to infrared radiation; 

an amorphous silicon layer thermally coupled 
to the thin metal absorber film, the amorphous 
silicon layer absorbing heat from the thin metal 
absorber layer, the amorphous silicon layer 
changing electrical resistance in response to 
absorbing heat from the thin metal absorber 
layer; 

an anti-reflective structure between a 
substrate material and the amorphous silicon 
layer, the ant i -reflective structure enhancing 
absorption of the infrared radiation by the thin 
metal absorber film; and 

electrode arms coupled to the amorphous 
silicon layer and to a silicon substrate, to the 
electrode arms suspending the amorphous silicon 
layer above the surface of the silicon substrate; 
and 

electrical conductors interconnecting the plurality of 
radiation detectors electrically and physically in parallel 
as an array configuration functioning as a single detector. 

22. The detector as set forth in Claim 21, wherein 
the electrode arms comprise a spiral configuration, the 
spiral electrode arms providing an increased area for the 
amorphous silicon layer by reducing space requirements for 
the electrode arms. 

23 . The detector as set forth in Claim 21 further 
comprising 
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a second plurality of micro- structure infrared 
radiation detectors, each radiation detector of the second 
plurality similar to the first plurality of radiation 
detectors ; 

electrical conductors interconnecting the second 
plurality of radiation detectors electrically and 
physically in parallel as an array configuration; and 

electrical conductors interconnecting individual 
radiation detectors of the second plurality electrically 
and physically in series with a corresponding one of the 
radiation detectors of the first plurality. 
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24 . A microstructure infrared radiation detector, 
comprising : 

an absorber element having material properties to 
change temperature in response to absorbing infrared 

5 radiation; 

an amorphous silicon detector thermally coupled to the 
absorber element and suspended above a silicon substrate 
thereby forming an open space between the amorphous silicon 
detector and the silicon substrate, the amorphous silicon 
10 detector changing electrical resistance in response to the 

absorber element changing temperature; and 

electrode arms positioned in the open space between 
the amorphous silicon detector and the silicon substrate 
and coupled to the silicon substrate and the amorphous 
15 silicon detector to suspend the amorphous silicon detector 

above the surface of the silicon substrate, the electrode 
arms further providing electrical connectivity for the 
microstructure infrared radiation- detector. 

20 25. The detector of Claim 24, further comprising a 

thermal shunting layer deposited on the electrode arm ends, 
the thermal shunting layer providing predetermined degrees 
of thermal isolation depending on the length of the thermal 
shunting layer . 

25 

26. The detector of Claim 24, further comprising: 
an antiref lective structure between the silicon 
substrate and the amorphous silicon detector, the 
antiref lective structure enhancing absorption of the 
30 infrared radiation by the absorber element. 
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27. A microstructure infrared radiation detector, 
comprising : 

an absorber element having material properties to 
change temperature in response to absorbing infrared 
5 radiation; 

an amorphous silicon detector thermally coupled to the 
absorber element and suspended above a silicon substrate, 
the amorphous silicon detector changing electrical 
resistance in response to the absorber element changing 
10 temperature; and 

electrode arms positioned between the silicon detector 
and the silicon substrate, the electrode arms coupled to 
the silicon substrate to suspend the amorphous silicon 
detector above the surface of the silicon substrate, the 
15 electrode arms further providing electrical connectivity 

for the microstructure infrared radiation detector. 



28. The detector of Claim 24, further comprising a 
thermal shunting layer deposited on the electrode arm ends, 
2 0 the thermal shunting layer providing predetermined degrees 

of thermal isolation depending on the length of the thermal 
shunt ing 1 ayer . 
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